Background
Rheumatoid arthritis (RA) is defined as a systemic autoimmune disease characterized by the chronic progression of joint damage. The estimated prevalence of RA is 1.24 million in Japan, which corresponds to 1.0% of the Japanese population. 1 The combination of conventional disease-modifying anti-rheumatic drugs such as methotrexate, sulfasalazine, leflunomide, or hydroxychloroquine and the development of biologic agents which are classified according to molecules they target such as tumor necrosis factor inhibitors or, more recently, Janus kinase inhibitor, interleukin-6 , interleukin-1, B-cell and T-cell co-stimulation inhibitors have improved the lives of many RA patients as they help to delay or even stop the clinical progression of the disease. 2 Biologic agents are not only effective with regard to symptom reduction, 3 their use is also associated with a decrease in mortality. 4 As poor persistence with biologics can weaken the effectiveness of these medications, a recent stream of research has examined the persistence with biologics and its determinants. Persistence in this context refers to "the duration of time from initiation to discontinuation of therapy" while the related concept of adherence is "the extent to which a patient acts in accordance with the prescribed interval, and dose of a dosing regimen." Persistence rates were found to vary considerably between different countries and different drugs. A systematic review of 52 studies found persistence rates between 32.0% and 90.9% after 1 year. 6 These rather large variations indicate that institutional and probably cultural factors play a role in explaining the magnitude of persistence rates. Results are therefore contingent on the respective health care delivery system and it is difficult to compare the findings between countries.
Most studies are either from Europe [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] or North America, [17] [18] [19] [20] [21] [22] [23] while studies in Asian populations are scarce. Apart from two Korean studies, 24, 25 one Japanese prospective cohort study was identified that analyzed patients who started biologic treatment with infliximab, etanercept, or tocilizumab. 26 The authors found significant differences in demography, clinical status, comorbidities, and usage of concomitant drugs among the three drugs. Compared with etanercept, the use of infliximab (hazard ratio [HR] 1.69) and tocilizumab (HR 1.98) was significantly associated with a higher risk of discontinuation of biological agents due to adverse events. However, the data cutoff in this analysis was April 2011. For this reason, it is worthwhile to have a fresh look on persistence rates in a Japanese context because since these previous studies new biologic agents have been introduced to the Japanese market. To date, seven biological agents have been approved in Japan, namely, infliximab (2002), etanercept (2005), tocilizumab and adalimumab (both in 2008), abatacept (2010), golimumab (2011), and certolizumab pegol (2013). The current study has included more drugs compared to previous studies, and to the best of our knowledge, it is also the first Japanese database analysis on this topic.
Methods

Data source
We utilized commercially available hospital claims data from Medical Data Vision Co., Ltd. This is an administrative database for inpatients and outpatients and includes around 4,400,000 patients. This number represents around 3% of the total Japanese population. The age distribution in the database is 13.5% 0-14 years old, 52.4% 15-64 years old, and 34.1% 65 years old and resembles that of the general population. 27 The data were obtained from hospital electronic information systems derived from 147 acute-phase hospitals throughout Japan. The hospitals operate 40,000 beds and are registered as Diagnosis Procedure Combination (DPC) hospitals. The DPC is a diagnosis-related group-like flat fee system that was introduced in 2003 for big hospitals in Japan. 28 The time span of our analysis was from April 2012 to March 2014.
The data in this study were de-identified by the database provider; therefore, no informed consent was necessary. The study was in line with the guidelines of Johnson & Johnson and approved by the Janssen approval committee.
study population and study design
The identification of the study population was based on the International Classification of Diseases, 10th revision (ICD-10). RA patients were diagnosed as ICD-10: M05.x, M06.0, M06.2-M06.9. Patients were required to have at least two diagnoses included. The index date was defined as the first claim for a biologic medication. All patients had to be available for a 12-month follow-up period after the index date and a 3-month washout period before the index date. Children below 18 years and patients with Crohn's disease, ankylosing spondylitis, juvenile arthritis, psoriasis, ulcerative colitis, and/or Behçet's disease were excluded because some biologics have an additional indication in these diseases. Following the approach of Neubauer et al (2014) 9 patients were categorized as "biologic-naïve" or "biologiccontinuing": naïve patients were patients who had no biologic prescription during the first 3 months of their observation period. Continuing patients were defined as patients with at least one biologic prescription at their index date. Additionally, naïve patients were also required to receive at least two disease-modifying antirheumatic drug prescriptions before the index date. As patient numbers for certolizumab pegol were extremely small (two biologic-naïve and six continuing patients), we removed certolizumab pegol patients from the analysis.
Comorbidities were measured by means of the Charlson Comorbidity Index (CCI). The ICD-10 coding algorithms for Charlson comorbidities were made available by Quan et al. 29 The CCI includes 19 comorbidities (myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease, dementia, chronic pulmonary disease, rheumatic disease, peptic ulcer disease, mild liver disease, diabetes without chronic complication, diabetes with chronic complication, hemiplegia or paraplegia, renal disease, tumors without metastasis, lymphoma, leukemia, moderate or severe liver disease, metastatic solid tumors, and AIDS/HIV) and assigns a weight between 1 and 6 for each of those comorbidities. Higher CCI indicates a greater morbidity of the patient.
calculation of persistence rates 
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Biologic agents for the treatment of rheumatoid arthritis biologic agent. We defined the index date as the first biologic prescription in the database. Patients were defined as discontinued index biologic treatment if either of the following occurred first: 1) if a gap in the days' supply of the index biologic agent exceeding the medication gap was encountered, or 2) if the patient switched from the index biologic agent to other treatments during the follow-up. In the base case, we used a medication gap of 60 days to define medication discontinuation ( Figure 1 ). This definition of persistence is consistent with other claims data study days in RA 9, 30 and other indications. 31 To estimate the days' supply of index medication, we referred to the standard recommended dose of RA treatment 32 for each biologic agent multiplied by the number of biologic agents per prescription.
statistical analysis
Descriptive statistics were used for demographic characteristics and treatment persistence with biologic agents. Chi-square and Wilcoxon rank sum tests were used to assess the difference between biologic-naïve and -continuing patients. A Kaplan-Meier analysis was used to calculate the persistence of biologic treatment. Differences in persistence were tested for significance using the log rank and Wilcoxon tests. A P-value of 0.05 (two-sided) was considered statistically significant. To analyze the determinants of persistence, we employed a Cox proportional hazard model as the base case with age, sex, CCI, and the medication as independent variables. We examined the determinants of persistence for both naïve and continuing RA patients. Coefficients were stated as HRs. The analysis was undertaken using STATA (StataCorp LP, College Station, TX, USA).
sensitivity analysis
To assess how sensitive the results were with regard to the choice of the gap definition, we also reported results based on alternative gap definitions, namely, 30 and 120 days. Both are common thresholds within RA and, in general, 8, 33 some studies even used gaps up to 180 days to define persistence. 34 In addition, we also used a parametric model to complement the results of the semiparametric Cox model. Because Cox models assume that hazards are proportional, they are not suitable when hazards are disproportional. For this reason, we tested the robustness of the results by employing a parametric estimator (Weibull probability distribution) where all parts of the model need to be specified.
Results
study population
According to the inclusion criteria, 2,265 biologic-experienced patients and 272 biologic-naïve patients were identified (see Figure 2 for a description of the study population). Table 1 provides an overview of the study population stratified by biologic-naïve and -continuing patients. The average age was slightly below 60 years without significant differences between the two groups. The majority of the patients were female and biologic-naïve patients were more morbid than those who were already on treatment during the baseline period. Greater numbers of ulcer patients were identified in continuing patients while the prevalence of chronic liver diseases was higher in naïve patients. Continuing patients were mainly on etanercept, while infliximab was the most prescribed drug in naïve RA patients.
Persistence Figure 3 presents the Kaplan-Meier curves for the overall sample, for biologic-naïve and -continuing patients. The persistence was high for the biologic-naïve population. One-year persistence rates ranged between 85.3% (95% confidence interval [CI]: 83.8%-86.7%) for continuing patients and 95.6% (95% CI: 92.5%-97.5%) for naïve patients. The difference was statistically significant. Figure 4 shows Kaplan-Meier Curves for the different biologic drugs, and Table 2 reports the associated persistence rates.
Among naïve patients, 1-year persistence rates varied from 89.6% (95% CI: 76.7%-95.5%) for etanercept to 100% for golimumab. Continuing patients had persistence rates between 78.9% (95% CI: 76.0%-81.5%) for etanercept and 96.0% (95% CI: 90.7%-98.3%) for abatacept. The tests for significance are shown in Table 3 . Because the Wilcoxon test results are very similar to the log rank tests, we only reported the log rank test results. For naïve patients, the following significant relationship held with regard to persistence: infliximab  etanercept. All other drugs did not differ significantly from each other.
To explain the differences in persistence, we estimated a Cox regression (Table 4) . Although higher age did not influence persistence in naïve patients, it was a significant driver in the continuing patient population. Patients aged 75 and above had lower hazards of treatment discontinuation or, alternatively, were more persistent compared to the reference group (younger than 60 years of age). No differences were observed with regard to sex. In the naïve population, the CCI also did not have an impact on persistence. However, a higher comorbidity index was associated with a higher hazard of treatment discontinuation in the continuing population. After controlling for age, sex, and comorbidities, the results suggested lower hazards of treatment discontinuation in the continuing population for infliximab, golimumab, tocilizumab, and abatacept compared to the reference case, etanercept.
sensitivity analysis
In the sensitivity analysis, alternative gap definitions were applied, namely, 30 and 120 days, instead of the 90 days in the baseline analysis. The results of the parametric regression are shown in Table 6 . The results confirm lower hazards of treatment discontinuation for older patients, and a higher hazard for patients with a higher CCI score. The drug specific results were comparable. The shape of parameter p of the Weibull distribution was close to one in the overall population 
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Mahlich and sruamsiri indicating an almost constant hazard over time. However, the HR of naïve patients might increase over time.
Discussion
Persistence rates
Our analysis adds more insights to the persistence of biologic agents, which were not reported in previous Japanese studies. 24 Compared to international persistence studies, the persistence observed for Japan appears to be much higher. The baseline rate of 95.3% for naïve patients is even higher than the highest rate reported in a systematic review of 52 studies. 5 In a German claims data study, 9 which is most similar to ours in terms of study design, the following 1-year persistence rates were reported for naïve patients: 51.0% for etanercept, 50.0% for adalimumab, and 48.0% for infliximab. Our results using data from Japan indicated a much better persistence: 89.6% for etanercept, 96.9% for adalimumab, and 97.6% for infliximab. Clinical studies have confirmed that persistence rates in Japanese clinical practice are relatively high. One noncomparative retrospective study reported a 1-year persistence rate of infliximab of 75.6%. 35 Postmarketing surveillance data of etanercept suggested a persistence rate of 82.4% after 6 months. 36 It is unlikely that the extremely high persistent rates we observed in our study were due to a selection bias of our study population. As we only included patients with a follow-up period of 12 months or more, a selection bias would be present if patients who were not included in the study due to loss to follow-up were missing not at random but because of relevant reasons related to their biologic treatment. In our case, 347 patients who started a biologic treatment were lost to follow-up, which corresponds to a ratio of 12.8%. In evidence-based medicine, a loss of follow-up below 20% is usually considered acceptable even for high evidence level studies. 37 Conversely, the persistence rates we found for Japan might even be biased downwards if Japanese patients use lower dosages due to weight differences. In that case, the medication supply would be longer for any prescribed drug. This implies that patients who do not refill their prescription might still be under treatment, and our analysis would classify them as being nonpersistent.
The reason we reported persistence rates separately for biologic-naïve and -continuing patients is that continuing patients are subject to a number of potential biases. First, continuing patients with a successful treatment history with a biologic might constitute a positive selection of the underlying population, which would give rise to a positive selection bias. Second, the opposite might also occur. If a natural rate of treatment failure is assumed, those patients who are already on treatment for a long time have a higher propensity of discontinuing their medication. As we did not observe the starting date for the treatment-continuing subpopulation, we 
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cannot control for this potential bias in our analysis. For this reason, the results of the continuing subpopulation need to be interpreted with caution. Another potential bias that is common in database analysis and which affects both the continuing and the naïve population is the so-called channeling bias. A channeling bias is defined as an "allocation bias, where drugs with similar therapeutic indications are prescribed to groups of patients with prognostic differences." 38 Claimed advantages of a new drug may channel it to patients with special preexisting morbidity, with the consequence that disease states can be incorrectly attributed to use of the drug. 38 If newer drugs are used in patients who are more morbid or who have failed previous treatments, and morbidity in turn is correlated to treatment discontinuation, drugs that were introduced only recently would be subject to a negative selection bias.
The sensitivity analysis suggested that persistence rates remained high and were relatively robust to variations in the gap definitions employed. Other studies confirmed a generally high persistence and adherence of Japanese patients compared with Western patients, and have attributed this to cultural beliefs and the authority of physicians in Japan. 39 The large variations in persistence between different countries with the same drugs underline the necessity of collecting local real-world data that reflect both differences in the health care systems and culture in general. 
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Compared to existing Japanese studies, our findings confirmed that elderly patients tend to have a higher persistence rate than younger aged patients. 24, 40 The regression results give rise to evidence (limited to the continuing population) that comorbidities increased the probability of treatment discontinuation, which is in line with international results. 21 Other studies, however, found that the CCI does not affect persistence, 9, 25 and the indication of peptic ulcer disease even had a positive effect on persistence of tumor necrosis factor inhibitors. 25 According to our estimates, the elderly seem to be more persistent than younger patients. That elderly patients are more persistent is a well-established result both in RA 8, 40 and many other indications. 31 With regard to adherence, which is a related but different concept, previous studies suggested a lower adherence among older patients. 41 Both adherence and persistence were reported to be related to treatment satisfaction, 42 which underlines the relevance of defining persistence as a treatment goal in RA.
limitations Several limitations should be discussed. One limitation of this study was that claims data analysis in general can utilize only a very limited set of medical parameters. Therefore, we could not control for RA-specific disease severity and disease activity at the time of biologic treatment initiation. Second, we could not determine the reasons for treatment discontinuation. This could be due to adverse events, lack of efficacy, or even clinical remission. Last, generalizability of these findings should be interpreted with caution. As our data were generated in large Japanese DPC hospitals, we cannot rule out the possibility of a bias toward patients whose RA was more severe than that of the general patient population. The results are therefore not necessarily representative of the daily practice of RA treatment in Japan. We were unable to include economic variables, such as out-of-pocket expenditures, into the analysis. In the Japanese universal health insurance system, all biologics are reimbursed but are subject to significant copayments of 30% for patients below 70 years and 10% for pensioners over 70 years of age. Absolute copayments are capped depending on the household's income. Therefore, individual out-of-pocket payments are highly variable among the patients and might also contribute to the observed variability of persistence rates.
Future research should also include more patientspecific psychological determinants of persistence, such as professional or family member support. 43 Long-term follow-up of persistence and adherence to RA treatment are also needed to ensure optimal disease management. This is especially true in cases of very high general persistence rates in Japan, which makes it difficult to differentiate between drug survival rates.
Conclusion
Based on administrative data in Japan, we found that persistence rates of biologic agents for the treatment of RA appeared to be higher than in Western countries. Age and comorbidities influenced persistence rates. Although general persistence rates were high, there was a considerable and significant variation between different biologics and other factors, such as age, comorbidities, and patient type.
